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Topic 1: Assessing Impact of Measured Corrosion Data on
Estimated Bridge Risk

 The first research topic explores the impact of corrosion on seismic performance
of bridge with low-ductility columns, including shear-critical columns and
columns with short lap splices.
 Low-ductility columns are often associated with brittle and catastrophic failure
modes and pose a difficult problem for structural engineers to predict their
responses.
 However, based on the literature, there have been few previous studies quantifying
the impact of corrosion across different column failure modes.

Fig. 1 Bridge column with shear (left) and pull-out (right) failure (Veletzos et al., 2006)

Topic 2: Methodology to Regularize Numerical Models of Bridges
to Achieve Objective Analysis Results

 Force-based beam-column model with fiber discretization, which adopts stress-strain
approach to model degrading mechanism due to bar slip, often experiences loss of
objectivity due to strain localization from the numerical standpoint.
 Propose a methodology to regularize force-based beam-column elements with
softening lap-splice material response and propose value of constant post-peak
energy for lap-splice softening behavior based on constant energy release criterion,
to achieve consistent analysis results across numerical modeling parameters.

METHODS

Topic 3: Methodology to Assess Seismic Vulnerability of Bridges
Located in Layered Soils with Measured Scour Levels

 Traditional modeling of scour involves simple removal of soil springs without
considering the changes of stress states and corresponding properties of the remaining
soil due to scour.
 However, there have been no previous studies on the effect of soil stress history on
the properties of layered soils. In addition, analyzing the seismic performance of
bridges subject to scour including the effect of soil stress history of layered soils is
unstudied.

METHODS

 𝜀𝜀𝑢𝑢𝑢𝑢𝑢𝑢 is the ultimate strain of the lap-splice section with the value taken to be 0.08. The
integration length 𝐿𝐿𝐼𝐼𝐼𝐼 is set to be half of the lap-splice length. The mean post-peak energies
𝑇𝑇
𝑇𝑇
and 𝐺𝐺𝐿𝐿𝐿𝐿𝐿
are indicated by an overbar and computed over six lap-splice specimens as 1258
𝐺𝐺𝐿𝐿𝐿𝐿𝐿
N/mm and 1886 N/mm, respectively. Next, the regularized residual strain (𝜀𝜀�𝑟𝑟 ) and regularized
ultimate strain (𝜀𝜀�
𝑢𝑢𝑢𝑢𝑢𝑢 ) are computed according to the equations below.
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Fig. 9 (a) Setup of experimental pile test and soil profile (Georgiadis et al.,
1999); (b) lateral load versus pile head lateral displacement and (c) axial
load versus pile settlement for LEO model vs. experimental test

 Corrosion effect: Reductions in diameter of reinforcement, yield strength, and rebar
ductility; Concrete cracking due to expansion of corrosion product (e.g. concrete cover
and core concrete)
 Impact of corrosion effect on shear-critical column: Modify: Lateral shear strength
(𝑉𝑉𝑛𝑛_𝑐𝑐𝑐𝑐𝑐𝑐 ); Total unloading stiffness (K t_cor
deg )
 Impact of corrosion effect on column with short lap splices: Modify: Ratio between
the bond strength of a corroded bar versus a non-corroded bar (𝑅𝑅); Peak stress in the lapspliced region (𝑓𝑓𝑠𝑠_𝑐𝑐𝑐𝑐𝑐𝑐 ); Residual stress in the lap-spliced region (𝑓𝑓𝑟𝑟_𝑐𝑐𝑐𝑐𝑐𝑐 )

Fig. 5 Regularized tensile lap-splice response

Fig. 4 Modeling details of numerical model

RESULTS

 The theoretical basis of the proposed model consists of
two main aspects:
• Conservation of mass under a general scour
scenario to derive updated depth parameters.
Fig. 8 Proposed approach to account for
Conservation of strength to account for layered
soil stress history and layered effects in •
layered soil profiles
effect in deriving updated soil parameters.
 Soil models considered in the study:
• UMD: Unmodified soil model
• LEO: Layered-effect-only soil
model
• ESHaLE: Equivalent-stress
history-and-layered-effect soil
model (Proposed model)
Fig. 10 Finding equivalent layer depth and scour depth for layered soils

 The superscript 𝑇𝑇
indicates tension and
subscript 𝐿𝐿𝐿𝐿 indicates
lap splice.

accounting for stress history effects based on conservation of mass

Fig. 6 Normalized displacement at
20% strength drop versus number
of integration points between
regularized and non-regularized
models for all five test specimens
(left) and mean values (right)

Fig. 2 Numerical model of shear-critical column (left) and column with short lap splices (right)
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Fig. 3 Column fragility curves for collapse damage state with 10% mass loss (left) and 20% mass loss (right)

 The numerical model is able to capture three different failure modes of bridge
column considering impacts of measured corrosion levels.
 Columns with short lap splice are most vulnerable to collapse under the same
level of corrosion attack among these three models followed by shear-critical
columns (bridge type used for the study is MSCC box girder bridges).
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 Results show need for proposed model as neglecting to include stress history
impacts in layered soils can lead to an underestimation of the scoured bridge
vertical displacement response by up to 6% and underestimation of the
probability of exceeding deck deflection thresholds by up to 17% (bridge type
used for the study is MSCC box girder bridges).
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Fig. 11 Maximum vertical
displacement of bridge deck
versus PGA for 9m scour
depths (left) & Probability of
exceeding L/200 deflection of
bridge deck with three soil
models for 9m (right)

60

20

Shear-Critical Column

RESULTS

Zhang, Y., DesRoches, R., & Tien, I. (2019). Impact of corrosion on risk assessment of shearcritical and short lap-spliced bridges. Engineering Structures, 189, 260-271.

Fig. 7 Static cyclic curves of non-regularized responses (left), regularized responses
(middle), and comparison against experimental result for test specimen 1 (right)

 While non-regularized models show less than 50% accuracy once three or more integration
points are used in the lapped region, the mean accuracy of the response using the regularized
model is 94% compared to the experimental tests.
 Regularized results consistent across number of integration points used in lap-spliced region.
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